Abstract. Use of computer mediated communication, specifically electronic mail (email), has grown exponentially in recent years reaching as high as 75% penetration per household in some countries. The penetration rate is even higher for corporate environments (Wareham, 1999) . E-mail is the communication medium of choice for most businesses and can therefore be construed as a proxy for codified knowledge flow in organizations (Bontis, 1999a; 1999b) . This paper advances the knowledge management body of literature by empirically examining several phenomena. Specifically, a comparison is made between inter-and intra-departmental knowledge flows in organizations. Furthermore, knowledge flows within functional departments as well as knowledge flows to and from the external environment are examined. Data was collected from 15,500 e-mails logged over five random days in a high-tech organization of 480 employees. This data was then mapped onto the organizational chart and compared with the perceptual responses of a survey administration. Quantitative results were then triangulated with qualitative data gathered during focus groups. The research results yielded two important findings: 1) individuals showed an interesting bias towards overestimating their perceived knowledge flow throughout the organization, and 2) the eFlow Audit is an insightful managerial tool which provides a snapshot for knowledge management evaluation. 
When customers ask what's the first thing they can do to get more value out of their information systems and foster collaboration in their companies, I always answer e-mail.
Bill Gates, Business @ the Speed of Thought (1999)
Introduction
Use of computer mediated communication, specifically electronic mail (e-mail), has grown exponentially in recent years. Wareham (1999) reports that e-mail remains the number one critical application on the Internet. An indication of the ubiquity of the application can be found in the level of Internet penetration of Canadian households; it has climbed from 31% in 1997 to 50% in 2000 to 75% in 2002 (AC Nielsen, 2002 . For further evidence, one need only look to Hotmail, the free web-based e-mail service, to gain a true appreciation for this. By automatically appending a message which promotes the service to each outgoing message -a concept which later became known as "viral marketing" -Hotmail grew to 12 million subscribers in the first 18 months and signs up more than 150 thousand subscribers every day (Jurvetson and Draper, 1997) .
There exists evidence that the e-mail phenomenon has manifested itself in an organizational context as well. The Washington, D.C.-based newsletter Electronic Mail and Messaging Systems (www.tr.com/newsletters/emms) reports that there are over 1
billion active e-mail users worldwide as of August, 2002 . As e-mail continues to emerge as the communication medium of choice in organizations, an analysis of the dynamics unique to its use, and the organizational implications are of particular concern. The aforementioned viral marketing, for instance, has radically re-defined the traditional marketing views of "word-of-mouth" marketing. E-mail and the infrastructure on which e-mail is based, the Internet, enabled this evolution. Never before have we had a communication medium that allowed the broadcast of near-instantaneous, asynchronous communication with geographically remote locations at a negligible cost.
Literature Review
E-mail use in organizations began as an informal tool of communication. It was used in a similar manner to the Post-It note or memo (Lucas, 1998) . The language used was colloquial; syntax was virtually absent. However, with the explosion of e-mail adoption in organizations worldwide, the applications have become increasingly more legitimate. E-mail is being used to direct company policy, to communicate with customers and to document important decisions. This evolution has not only changed the way organizations communicate, it has changed the structure of organizations themselves. Companies resemble the information systems that they rely on to do their work. As centralized, mainframe computer systems give way to distributed computer networks, the organization's future is a web structure and not a hierarchy. The question of what effects this has had on organizations is a topic of considerable debate. Has it disintegrated traditional vertical silos allowing more horizontal flows of communication?
Has senior management empowered employees with the ability to make their voices heard at higher organizational levels? Has it also enabled management the reach to motivate and direct action across geographically distant locations (Lucas, 1998; CecezKecmanovic, 1999; Sproull and Kiesler, 1986) ? Or, conversely, has it caused the ultimate depersonalization of communications, while reinforcing traditional power structures and hierarchies in the organization (Rice, 1990; Bikson et al., 1989; Child and Loveridge, 1990; Montovani, 1994) ?
Several theories exist that attempt to explain the adoption and use of media types such as e-mail in organizations: social presence (Rice, 1993; Short, Williams, Christie, 1976) , critical mass (Markus, 1987) , media richness (Daft and Lengel, 1986) , social influence (Fulk, 1993; Schmitz and Fulk, 1991) , structuration (Orlikowski, 1992; Orlikowski et al. 1995) and channel expansion theory (Carlson and Zmud, 1999) . Of these four, not one perspective has emerged to fully explain the dynamics involved in media selection and use; rather, the most popular frameworks have evolved from a concentration of media richness theory to complimentary hybrids that incorporate increasing levels of complexity (Webster and Trevino, 1995) . Social influence theory, for example, introduces social factors that influence individuals' perceptions of media and their use. An individual selects media based on their perceived media richness, social influence from co-workers and supervisors, and other factors such as time and distance, media accessibility and support.
Media richness theory explains the choice of media as being dependent upon the content of the message to be communicated. Media richness can be portrayed along a spectrum of available media types. At the richest extreme lies face-to-face communications; on the opposite end, representing the leanest media type, are written media. Rich media types, in contrast to lean types, provide for additional cues -like body language and voice intonation -that clarify potentially ambiguous communication (Daft and Lengel, 1986) .
Channel expansion theory, a more recently developed extension of media richness theory, attempts to explain an individual's perception of media richness for a particular communication channel as being related to certain experiences such as experience with the channel, experience with the organizational context, and experience with communication co-participants. The theory asserts that as individuals develop these experiences, they develop a knowledge base, which allows them to leverage the channel more adeptly. For instance, as a user of e-mail becomes more comfortable with the technology, they learn how to communicate varying degrees of formality and richness.
One way in which this can be accomplished is through the use of "emoticons" -a combination of characters that express emotional content (e.g. a colon and parenthesis configured as ":)" is called a smiley face and is used to denote the presence of humour or irony) (Carlson and Zmud, 1999) .
In this paper, however, we endeavour to examine the value of e-mail as a mechanism of knowledge flow in organizations. Acceleration knowledge flow in organizations is a fundamental research issue in the field of knowledge management (Bontis, 2001a) . Certainly the study of e-mail in this context cannot be considered exclusive of theories like media richness. An understanding of the factors involved that explain how employees choose a media type, their perceptions of different media types and their use of these media are all important to an understanding of e-mail as a proxy of codified knowledge flow in organizations (Bontis, 1999a; 1999b) . We concede, however, to the pervasiveness of e-mail in organizations. Consequently, rather than focussing on why or when e-mail is chosen as a communication tool, we focus on its enormous potential value for perpetuating organizational knowledge. While the role of email in new knowledge creation is inherently constrained to some degree by its inability to carry fully rich message cues, as in face-to-face communications, it has evolved from a much a more limited capacity at its inception to a position that sees us using it to communicate increasingly more formal and more ambiguous messages. As the use of email continues to encroach upon more traditional means of communicating, we will likely continue to see its role expand; the experience effects described by Carlson and Zmud (1999) as well as the expanding technological abilities of e-mail -like the ability to carry multimedia content-will ensure this.
An alternative theoretical lens for our discussion of knowledge flow in organizations can be found in the work of Nonaka and Takeuchi (1995) . Nonaka and Takeuchi (1995) examine how Japanese companies, in contrast to Western companies, have been successful in mobilizing knowledge assets both within and outside the organization. They describe organizational knowledge creation as a continuing interaction and exchange, called conversion, between tacit and explicit knowledge. Nonaka and Takeuchi (1995) go on to present a model of knowledge conversion comprised of four modes: socialization, externalization, combination, and internalization.
It is clear that e-mail is limited in its capacity to transfer tacit knowledge from person to person. However, as a vehicle of explicit knowledge flow the ability of e-mail -through its intrinsic technical characteristics -to amplify individual level knowledge to organizational and inter-organizational levels is unparalleled. In fact, e-mail has the capability of playing a significant role in three of the four modes of knowledge conversion: externalization, combination and internalization. E-mail facilitates externalization (tacit to explicit) through dissemination of individual knowledge to others in the organization. It also assists in this effort through redundancy, one of the key characteristics that is necessary for conversion from tacit to explicit knowledge:
Redundancy is important because it encourages frequent dialogue and communication. This helps create a "common cognitive ground" among employees and thus facilitates the transfer of tacit knowledge. Since members of the organization share overlapping information, they can sense what others are struggling to articulate. Redundancy, which takes place primarily in information sharing, also spreads new explicit knowledge through the organization so that it can be internalized by employees (Nonaka and Takeuchi, 1995) . Preiss (1999) articulates a seemingly contrary view of knowledge flow in this regard. He likens the flow of knowledge to that of a production process. The concept of a "balanced production line" where the throughput capacity of each work process is exactly equal is not possible -a bottleneck is inevitably created. He argues that in a knowledge flow system it is a wasteful overload to have all the knowledge distributed to every process all the time, just as it is wasteful and damaging to the efficiency of each process to have material distributed more widely than is needed (Preiss, 1999) . Preiss also states that the advent of computer communication has made the availability of explicit knowledge commonplace as a commodity accessible to all people and all processes that are connected to the Internet. Given that the distribution of this information is universal, competitive advantage is gained from the information about the information. The system has moved from "push" where competitive advantage relies on access to information, to "pull" where competitive advantage relies on the capability of the user of the information to ingest it. This is where the knowledge bottleneck lies (Preiss, 1999) . The remedy is to employ filtering and monitoring of the information before it gets to the individual. In this age of information overload, a compromise position between an environment encouraging redundancy and one attempting to avoid knowledge bottlenecks, where sufficient, yet discretionary, knowledge sharing is performed via e-mail is probably the most effective approach.
Perhaps the most obvious position for e-mail in Nonaka and Takeuchi's (1995) knowledge conversion process is combination (explicit to explicit). Here it facilitates the distribution of explicit knowledge, by increasing the number of people capable of generating it. Internalization (explicit to tacit) represents the cogitation of the other conversion modes when it results in expanding individual understanding, or acquisition of tacit knowledge. An appreciation for the role that e-mail plays in this mode is clear from the description of the internalization process:
For explicit knowledge to become tacit, it helps if the knowledge is verbalized or diagrammed into documents, manuals, or oral stories. Documentation helps individuals internalize what they experienced, thus enriching their tacit knowledge (Nonaka and Takeuchi, 1995) .
Having established the value of e-mail as a legitimate authoring and dissemination tool for codified organizational knowledge, it is incumbent upon us to question how, or if, the organization is tracking, maintaining or -perhaps more important
-leveraging e-mail as a knowledge resource of the organization. Lucas (1998) came to the conclusion that information flows, while more efficient due to e-mail, have become too voluminous to be managed effectively at an organizational level. This has shifted responsibility and discretion of the value of e-mail to the individual employee level.
While this is encouraging news for all employees because it allows the organization to better leverage its intellectual capital (see Bontis, 1996 Bontis, , 1998 Bontis et al., 1999; Bontis et al., 2000a; Bontis et al., 2000b) , it is also cause for some concern. The reality is that few organizations have a proactive policy regarding the management of electronic messages as records of the organization, which leaves end users without any guideline for determining the value and disposition of their e-mail (the only exception here is public service and government organizations which are legislated to store all electronic correspondence). As surprising as it may seem, many organizations have only ad hoc programs of printing important e-mail messages to paper rather than attempting to manage them digitally (Enneking et al., 1998 ).
An essential component of what is required to become a knowledge-enabled organization is to ensure that all employees are able to locate, access and utilize the knowledge and skills they need to meet their individual and company goals (Tobin, 1998) . The body of data and information laying dormant in e-mail systems, when utilized properly -through indexing, profiling and categorizing -has tremendous potential to create new organizational knowledge, and therefore, to equip employees with the resources they need to accomplish these objectives. Technology is emerging that will transparently review each piece of e-mail indexing it and creating profile databases that are accessible to everyone in the organization. The e-mail server, when transformed into a knowledge asset of this form, becomes not only a tremendous source of explicit knowledge, but also a facilitator of new tacit knowledge creation by bridging current skills and expertise in the organization to those who need it.
The advent of the knowledge era has made the use of knowledge repositories critical for organizational learning (Bontis, Crossan and Hulland, 2002) and the strategic management of knowledge assets (Bontis, 2002; Choo and Bontis, 2002) . However, the proliferation of technology -like e-mail -has blurred organizational boundaries effectively facilitating the ease with which an individual can move from one company to another and plug into different projects along the way. This has created a challenge for firms to find new and creative ways to capture their intellectual capital assets (Bontis et al., 1999c) . Brown (1998) warns that managing intellectual capital comes down to fundamental and very transparent common sense such as not letting your smartest workers, or the best ideas get away. E-mail provides a lasting fingerprint of intellectual capital in a corporate environment marked by increasing employee transience.
Research Methodology
The objective of this research is to map the flow of codified knowledge through a corporation, using e-mail traffic as a measurement proxy. We venture to gain a better understanding of knowledge flow through intra-departmental and inter-departmental email traffic, as well as e-mail travelling in and out of the organization itself. We followed five main steps in our e-Flow Audit research methodology:
• A study of the digital flow of e-mail both inside and outside of the firm;
• A mapping of this flow of e-mail onto a consolidated organizational chart;
• An examination of how e-mail is used by the firm's employees;
• An examination of the e-mail which is sent to and from the firm's employees; and • An examination of the factors which affect the use of e-mail.
The research was conducted at a high-tech, knowledge-intensive firm, headquartered in Burlington, Ontario, Canada. At this firm, 480 employees generate an annual revenue of nearly $84 million. To construct a model of how e-mail flows through the company, a log file was extracted from the firm's SMTP server to determine the path of each discrete e-mail that was sent and received. Approximately 15,500 messages were collected over a random five-day period. The content of these e-mails was private and confidential and thus not examined for the purposes of this study. Due to the format of this log file, only the "from" and "to" header information was utilized; the "cc" and "bcc" fields were deemed to be less valuable as a measure of direct knowledge flow and were thus excluded from consideration. Feedback from the organization was inconsistent as to whether these carbon-copies and blind-copies of e-mail constituted a relevant flow of knowledge within the company -in fact, company culture often frowned upon the overuse and abuse of the functionality. In the words of the CIS Manager for instance: In addition, a web-based survey was administered to the employees of the firm.
This survey consisted of 20 questions regarding their perception of e-mail usage at the company: the time spent using e-mail daily, the relevance of e-mail, a rating of the preference for e-mail over other conventional means of communication, and the employees' sense of where their e-mails are going and coming from. To introduce the survey to the employees, a cover letter was attached explaining the purpose of the study, in hopes that this would increase the response rate. The survey was administered through the CIS department of the firm, using an Internet host (www.zoomerang.com). Each employee at the firm (who has dedicated e-mail access) was sent a link to the site and asked to complete the survey questions. The CIS Manager sent two reminder e-mails to all employees following the initial survey launch and cover letter, requesting that those who had not yet filled out the survey do so. Out of a possible 452 eligible respondents, a total of 128 responses were recorded during the three-week survey window, yielding a response rate of 28.3% which is favourable given the intense nature of the business and the employees' extremely busy schedules.
Two subsequent interviews with the CIS Manager were conducted to assess his opinion on the survey findings as well as the actual results determined by the DBMS analysis of the log file. Finally, a focus group was held subsequent to the survey study involving six random employees of the company, from different departments and levels in the organizational structure. The participants were asked their opinions on both the survey findings and the actual results from the SMTP log file summary. They were also invited to provide any additional comments regarding their use of e-mail and the culture of e-mail usage at the firm.
Discussion of Results
We wanted to determine the proportion of e-mail traveling out of the firm, into the firm, and within the firm. The DBMS analysis of the SMTP log file data yielded the following macro-level results: the outcome of the one-week sample was that 2,419 messages were sent from the firm to outside sources, 5,639 messages were sent from outside sources to the firm, and 7,125 messages were sent inter-and intra-departmentally (see Figure 1) . Proportionally, this means that there was about 2.3 times (5,639 ÷ 2,419) the number of messages entering the company as were being sent out. Almost three times as many messages were sent to recipients in the company, between and within departments, as were sent to outside sources (7,125 ÷2,419) . During the focus group, the consensus among employees was that this was a typical representation of their e-mail volume.
---place Figure 1 about here ---
We then looked at the e-mail traffic in more detail. The number of messages from the firm to outside sources was 2,419. This was broken down into the number of messages sent by each department in a week. The finance department sent 496 messages, marketing and sales 639, silicon operations 636, and test operations 648. These numbers are roughly equal and indicate, in terms of raw volume, that the quantity of e-mail messages leaving each department is approximately the same. However, by further breaking down the data into e-mails per employee, significant differences emerge (see Figure 2 ).
---place Figure 2 about here ---Marketing and sales showed an average of about 11 messages per employee per day to outside sources, while test operations yielded just over three. Although it is likely that certain departments and employees naturally communicate more with outside sources, the lack of outside communication may signal a deficiency in relational capital accumulation (Bontis, 2001b) . The survey results show that on average, an employee believes that he/she sends out about 11 messages each day. Of these messages, 74%
were estimated to be to recipients within the company, with the remainder transmitted to outside sources. This translates to about three messages a day, or 15 during the course of a work week. The actual results logged in the SMTP file show that between three and 11 messages were sent per employee, depending on department. This demonstrates a disparity between the perceived volume of outgoing e-mail versus the actual measured volume. Focus group feedback indicated that the discrepancy between outward flow versus inward flow could be attributed to the lean nature of the organizational structure;
because the business is growing financially without a corresponding growth in staff size, it has become difficult to engage with fellow colleagues on a real-time basis. Firm employees have resorted to e-mail due to its asynchronous benefits.
The total number of e-mails (5,639) flowing into the company was also dissected further. The departments received the following messages: finance (931), marketing and sales (1,263), silicon operations (1,162), and test operations (2,154). Again looking at messages received per employee, a skew is seen toward certain departments. Marketing and sales received 23 e-mail messages per employee per day, while at the opposite extreme silicon operations received just over 8 e-mails per day (see Figure 3 ).
---place Figure 3 about here ---From the responses to the survey, employees thought that they received, on average, 18 e-mails per day. Of these, 29% were believed to originate from outside the company, meaning five messages per employee per day were perceived to be received from outside sources. The SMTP data as shown above indicates that between eight and 23 e-mail messages per employee per day were received from outside the firm. In this case, the employees underestimated their perceived e-mail interaction with individuals outside the company.
By analyzing the SMTP log file data, we were also able to compare the intradepartmental and inter-departmental knowledge flow in the company. We used the number of messages sent within the firm (7,125) as the base, and looked at which department sent or received the e-mails. It is clear after visually displaying the data that the firm is biased toward intra-departmental knowledge flow versus inter-departmental flow. This can be seen in the diagonal stack of bars that represent e-mail flows per employee within his or her own department. For each department, the number of messages to other employees in the same department out-numbered the quantity of messages sent to each of the three other departments. However, results of the survey
show that of the e-mail received from within the company, there is a perceived balance in volume between inter-and intra-departmental communication (41% and 44% respectively). Once again, we see discrepancy in perceived e-mail usage versus actual.
The actual log file of e-mails proves that knowledge flows across departments are still relatively weak.
---place Figure 4 about here ---To further examine this phenomenon, we examined the vertical flows within the company. Survey results showed that an average of 53% of e-mails received from within the company are from peers, while an average of only 27% are from supervisors or senior management. However, the actual e-mail log files show an average of 56% of the emails are sent to peers, while an average of 27% are sent to supervisors or senior management. In this case, individuals were correct in their perceptions of relative knowledge flow to peers versus senior management at a ratio of 2 to 1. However, this ratio also supports the notion that more knowledge is flowing horizontally than vertically.
Another way of representing the intra-and inter-departmental knowledge flows is depicted in our e-Flow Audit map. The circles represent each of the four consolidated departments. The sizes of the circles are scaled to the intra-departmental e-mail volume.
The Marketing and Sales departments, for instance, has the highest degree of intra- results by identifying the Marketing and Sales group as more "close knit" whereas individuals in the manufacturing departments were described as "knowledge hoarders"
and more socially distant.
Conclusion
We've seen how e-mail has evolved from a rudimentary form of communication,
limited by its primitive usage, to a medium capable of imparting increasingly rich information. This evolution has enabled e-mail to mature into a legitimate organizational tool used for purposes such as documenting company policy and communicating with customers and suppliers. There is a disparity between the advanced applications of email and the lack of recognition on the part of the organization that e-mail is or should be a critical element of the organization's knowledge management strategy. This was observed both in the literature reviewed and our own audit of a knowledge-intensive firm.
The body of research is conflicting in terms of what effects e-mail is believed to have on organizational communication: has e-mail disintegrated departmental silos or has it reinforced traditional hierarchies? Our examination does not dispel either assertion, but does tend to support the view that e-mail has democratized communication among firm employees. It has not, however, had the effect of breaking down the ingrained cultural barriers to vertical and horizontal freedom of knowledge flow. The obvious bias at this firm toward intra-departmental and intra-firm communication demonstrates what we describe as the "knowledge hibernation phenomenon". Nonaka and Takeuchi (1995) argue that new knowledge creation is a process not within individuals, but between them.
The firm studied in this case claims to have a knowledge management strategy;
however, its e-mail system has not been identified as a component of that strategy. The knowledge management implication for this firm is that competitiveness might be hindered to the extent that it depends on the creation and exchange of knowledge within and outside the firm. A strategy that considers the dynamics of tacit versus explicit knowledge creation, and how the e-mail system of the firm can play a role in that regard, is what is required in order for the firm to fully leverage its e-mail system. Technological advancements such as the e-Flow Audit that that can aid senior management in fully evaluating their existing knowledge flows are critical for overall knowledge management success. 
